ive and secretory phases of the menstrual cycle and first trimester of pregnancy (Faber et al., 1986; Aplin et al., 1988).
new family of extracellular proteins, fibrillin-1 and fibrillin-2 We have examined the existence and distribution of fibrillinare the products of genes, FBN1 and FBN2, which have been 1 within the endometrium and decidua to ascertain the located on chromosomes 15q21 and 5q23 respectively (Lee effect of decidualization upon its synthesis, and its relation Zhang et al., 1994) . Both of these fibrillin monoship to other extracellular matrix proteins. Formalin-fixed, mers are composed of a large number of epidermal growth paraffin-embedded tissues were stained using monoclonal factor-like motifs most of which are capable of binding calcium antibodies to collagen IV, elastin, fibrillin-1 and laminin, ions, in addition to a few motifs which resemble the latent by immunocytochemistry. Fibrillin-1 was present throughtransforming growth factor-β binding protein, a structure which out the menstrual cycle and appeared to be cell-associated.
appears to have been conserved during evolution (Zhang et al. , Similar staining for fibrillin-1 was detected within the 1994; Rebermuller et al., 1995) . The FBN1 and FBN2 genes Fallopian tube of ectopic pregnancy material. In first are differentially expressed, both during development and in trimester, second trimester and term decidua, staining for tissue distribution, and it has been suggested that fibrillinfibrillin-1 was more intense than that during the menstrual 1 predominantly provides force-bearing structural support cycle and was detected as a thick layer encapsulating whereas fibrillin-2 predominantly regulates elastogenesis decidual cells, but also in fibrillar form inter-connecting (Zhang et al., 1995) . Hence, they are a unique class of these cells. In comparison with the association of collagen connective tissue macromolecules associated with elastic and IV and laminin with all basal laminae, fibrillin-1 was absent non-elastic connective tissues. from the vascular and glandular elements of pregnancy Fibrillin-1 has been shown to be the principal structural endometrium. Elastin was absent in all tissues examined. component of elastic microfibrils which are complex assemblies Hence, fibrillin-1 exists within the uterus in association of several proteins found within a variety of connective with basal lamina components rather than with elastintissues, frequently associated with elastin (Sakai et al., 1986) . containing fibrils, where its presence in the endometrium Microfibrils belong to a subgroup of fibrils that lack the and decidua could be of functional significance.
characteristic 67 nm banding pattern of collagens, their diaKey words: decidua/endometrium/fibrillin/menstrual cycle/ meter being either 3-5 nm or 6-18 nm (Low, 1962; Hay, pregnancy 1978) . Fibrillin-1 is a principal constituent of the larger microfibrils. As such, these microfibrils have been identified as globular, bead-like structures connected by fine filaments, partly composed of periodically distributed fibrillin molecules Introduction . The apparent parallel, head-to-tail alignment of fibrillin molecules and variability in bead periodicity During the menstrual cycle and pregnancy the glandular, vascular and stromal elements of the human endometrium has led to the suggestion that microfibrils possess extensioncontraction properties that may explain the inherent elasticity undergo considerable remodelling and differentiation necessary for the processes of secretion, menstruation, decidualization of tissues (Fleischmajer et al., 1991a; Sakai et al., 1991) . In this respect, microfibrils may be detected within connective and implantation. In this, the function of the endometrium is particularly dependent upon the structural organization afforded tissues as free bundles or in association with elastin-containing elastic fibrils, interspersed between collagen fibrils (Fleischby the extracellular matrix (ECM). Within the endometrium and decidua, the ECM comprises basement membranes which majer et al., 1991b) . For instance, microfibrils are detected as clusters attaching epithelial basal laminae to the mesenchyme. support the luminal and glandular epithelial cells and endothelial cells of the spiral arteries, as well as a basal lamina
The glycoprotein elastin, forms the major structural component of elastic fibres. which is laid down around stromal cells during decidualization.
The major components of basement membranes, collagen Human endometrial stromal fibroblasts become encapsulated by a basal lamina containing collagen IV and laminin during IV, heparan sulphate proteoglycan and laminin, have been identified within the human endometrium during the proliferattheir differentiation into decidual cells in the late luteal phase of the menstrual cycle and first trimester of pregnancy (Wynn, improved following enzymatic treatment of the sections with pepsin. This was more evident in the case of collagen IV and 1974; Wewer et al., 1985) . By this stage they are enmeshed within an extensive ECM bordered by glandular and luminal laminin. Consequently, the titre of these antibodies could be lowered substantially, to 1:1000 for collagen IV, 1:250 for epithelia. In view of the known location and putative function of fibrillin within other tissues, we have examined the existence fibrillin-1 and 1:10 000 for laminin. Treatment with pepsin had no effect on the quality or intensity of staining for elastin of fibrillin-1 within the endometrium during the menstrual cycle and throughout pregnancy in an attempt to understand or LCA and therefore, was routinely applied to all sections for immunocytochemistry. its relationship with basement membranes and elastic fibrils, and its possible functional significance. To our knowledge, Immunostaining for LCA, routinely used as a positive control for non-specific staining, was only seen in infiltrating this is the first full report of the localization of fibrillin-1 within the endometrium of the menstrual cycle and early leukocytes in all tissues examined (e.g. Figures 2a and 3a) . Perhaps surprisingly, immunostaining for elastin was absent pregnancy.
in all tissues examined (e.g. Figures 2d and 3d ) and therefore, served as a useful negative control. In contrast to this, Materials and methods immunostaining for fibrillin-1 was evident throughout the menstrual cycle and pregnancy (Figures 1, 2b , 3b and 5a).
Sample collection
Similarly, immunostaining for fibrillin-1 was detected within Although immunostaining for fibrillin-1 was detected
There was no known or diagnosed pathology present. The stage of the cycle, as determined from the known date of the last menstrual throughout the menstrual cycle (Figure 1 ), the intensity of period, was confirmed using histological dating (Noyes et al., 1950) staining in various locations did vary between different speciperformed by an experienced clinical research pathologist. Serial mens, although this could not be consistently correlated with sections were taken from six follicular phase (days 4, 6, 10, 11, 13 the stage of the cycle. Generally however, staining appeared strands of immunostaining for fibrillin-1 appeared to interclone LAM-89; Sigma) and leukocyte common antigen (LCA; 1:5;
connect the decidual cells, forming a fine fibrillar pattern.
clones PD7/26 and 2B11; Dako, High Wycombe, UK). This was followed by incubation with biotinylated rabbit anti-mouse immunoglobulins (1:600; Dako) and then a streptavidin-biotinylated alkaline Discussion phosphatase complex (Dako). A specific colour reaction was
In this study we have examined the distribution of fibrillin-1 developed using naphthol AS-BI phosphate (Sigma) and Fast Red within the endometrium and decidua to establish its relationship TR salt (Sigma) in veronal acetate buffer (Sigma) containing 2 mM to other ECM proteins and elastic fibrils, and determine levamisole (Sigma) to inhibit any endogenous alkaline phosphatases.
the effect of decidualization upon its localization. Using a
The sections were counterstained in Mayer's haematoxylin (BDH) monoclonal antibody to elastin, we failed to demonstrate and mounted in Apathy's mountant (BDH) prior to examination.
the presence of immunoreactivity to it anywhere within the endometrium of the menstrual cycle or decidua of pregnancy.
Results
Although this result may seem surprising, it is nevertheless consistent with previous reports of its absence within the The specificity and intensity of the immunocytochemical reaction product for collagen IV, fibrillin-1 and laminin was amnion, chorion and decidua of term placenta (Kanayama Malak and Bell, 1994) . In contrast, typical staining the basement membrane of endometrial capillaries becomes increasingly fragmented during the late luteal phase of the of the elastic fibres of human blood vessels can be achieved using the same antibody. Furthermore orcein, a histochemical menstrual cycle (Roberts et al., 1992; Kelly et al., 1995) . This may reflect the transient activity of human endometrial stain for fibres formed of elastin and microfibrils, does not stain term fetal membranes, including the decidua, confirming collagenase towards the end of the menstrual cycle, when values of progesterone are insufficient to sustain its downthe absence of elastin in such tissues (Malak and Bell, 1994) .
The fact that in some specimens immunostaining for fibrillinregulation (Marbaix et al., 1992) . The location and consistency of staining observed for basement membrane collagen IV 1 was most intense adjacent to epithelial tissues, suggests that it serves to provide structural support between the luminal and laminin throughout the menstrual cycle and pregnancy however, is in accord with previous findings in both the human epithelium and stroma. Interestingly, this pattern of staining was mostly observed during the follicular phase of the cycle.
and non-human primate species (Charpin et al., 1985; Wewer et al., 1985; Faber et al., 1986; Kisalus et al., 1987 ; Aplin However, the presence of fibrillin-1 within the endometrium throughout the menstrual cycle and its association with stromal et al., 1988; Loke et al., 1989; Earle et al., 1990; Fazleabas et al., 1996) . cells suggests that it is constitutively expressed by these cells. Indeed, the lack of any distinct variation in the location and
We have shown the ECM glycoprotein, fibrillin-1, to be present within the endometrium during the menstrual cycle intensity of staining for fibrillin-1 with the stage of the cycle supports this interpretation. and pregnancy. In the decidua, it exists in association with the basal lamina components of decidual cells rather than with The dramatic increase in the intensity of staining for fibrillin-1 that occurs in the transition from the luteal phase of the elastin-containing fibrils, its function presumably being to provide a structural framework for these cells. Hence, it would menstrual cycle to the first trimester of pregnancy suggests that its increased synthesis may be under endocrine or paracrine appear to have an interesting role to play in the establishment and maintenance of the decidua during pregnancy. hormonal control. However, further studies would clearly be necessary to confirm this. The change in the location of fibrillin-1 from a cell-associated, cytoplasmic site in menstrual cycle material to an extracellular site in pregnancy materialanchoring these cells within the tissue via their basal lamina. mation to the decidual basal lamina (Malak and Bell, 1994 membranes and blood vessels of the villous stroma of term Earl, U., Estlin, C. and Bulmer, J.N. (1990) Fibronectin and laminin in the early human placenta. Placenta, 11, 223-231.
human placenta (Jacobson et al., 1995) . It may be significant Faber, M., Wewer, U.M., Berthelsen, J.G. et al. (1986) Laminin production that this lack of staining is not seen to be the case within the by human endometrial stromal cells relates to the cyclic and pathologic endometrium of the menstrual cycle. This suggests that some state of the endometrium. Am. J. Pathol., 124, [384] [385] [386] [387] [388] [389] [390] [391] [392] [393] [394] [395] [396] [397] [398] alteration in the biochemical structure of the basement memFazleabas, A.T., Bell, S.C., Fleming, S. et al. (1996) 
